Abstract: Since the 1970s, West African streams experienced profound modifications connected to pluviometric deficit, which have influenced on a strong decrease of water resources. The objective of this study is to analyze trends of precipitation at the six selected stations in the Senegalese part of Gambia River basin, using graphical and statistical approach. Methodology is consisted of an analysis of monthly, seasonal and annual variability of precipitation for the 1971-2010 period, through Non-parametric tests. Study revealed a strong variability and often a contrasting evolution between various stations (Kédougou, Simenti, Tambacounda, Kounghel, Nioro and Goudiry). Between the periods 1971-1990 and 1991-2010, the value U of Mann-Whitney, had changed from 60 to 40 at Tambacounda, 64 to 59 at Kédougou and 63 to 51 at Simenti station, which showed non-significant trends in annual total precipitation for the studied period. Sen's estimator revealed significant descending trends on Kédougou station (9.812 mm/year for the period 1971-1990 and 0.309 mm/year for the period 1991-2010), and Simenti station too. On the other hand (in the whole article), on the stations of Tambacounda, Goudiry and Koungheul, the reduction is noticed for the period 1971-1990 (3.658 mm/year on Tambacounda), and an increase is noticed in the period 1991-2010 (13.21 mm/year on Tambacounda). For the station Nioro, on other hand, increase is noted in both periods (3.801 mm/year and 8.841 mm/year). The assumption is that these significant trends of precipitation during the last four decades could be attributed to the climate changes. 
Introduction
Climate changes, connected to rising surface temperatures, are often manifested by long periods of drought, with negative effects on the hydrological cycle, environment and socio-economic activities (agricultural, industrial and commercial) . Decreasing trends in rainfall were observed in West Africa from the late 1960s and early 1970s to the early 1990s. This decreasing trend was noted in many works (Dione, 1996; Sighomnou, 2004; Goula et al., 2005; Sow, 2007; Faye, 2013; Faye et al., 2015b) . One of the major issues, in the researches of a complex phenomenon like climate variability, is to quantify its impact on the river flow, which may be different from one region to another. In addition, the appearance of some humid years in the end, after the year 2000, raises questions about the end of the dry period that has been going on, since the beginning of the 1970s, the climatic scale being thirty years old. Some authors have attempted to provide answers to these uncertainties (related to the characterization of this period as dry or wet) by relating the 2000 decade to the previous dry decades (Ali et al., 2008; Niang, 2008; Ali & Lebel, 2009; Ozer et al., 2009; Ouoba, 2013) .
These studies, although managed in the Sahelian region, have not identified much of the hydro-climatic dynamics of the Gambia River basin. In addition, they do not confirm or refute with certainty the idea of return to more humid weather conditions, like the very humid situation in the 1950s and 1960s. In this context, this study was initiated in Senegal, in the Gambia River basin, on the recent spatiotemporal variations of rainfall parameters, of hydrological and agronomic interest. In order to study climate changes and improve climate impact research, trend detection is of great interest for both hydrology and climatology. In addition, this trend detection of precipitation series is crucial for regional water resources planning and management. Unlike the other subSaharan basins, the spatio-temporal variability of rainfall in the Gambia River basin has been poorly studied so far, while its impact on water resources is very important. The objective of this study is to analyze precipitation trends at six selected stations in the Senegalese part of the Gambia River basin. The methodology is consisted of the analysis of the monthly, seasonal and annual variability rainfall in the Senegalese part of the Gambia River basin, for the period 1971-2010, through non parametric tests.
Study area
The Gambia River basin covers an area of nearly 77,100 square kilometers, shared by three states (Lamagat, 1989) : Guinea (where the river Gambia originates); Senegal (from which it drains almost the entire Tambacounda region and part of Upper Casamance and South Sine-Saloum); Gambia (it is the backbone). It extends, in latitude, from 11° 22' N (in the Fouta-Djalon) to 14° 40' N (in the Far-Eastern Ferlo) and, in longitude, from 11° 13' W (Fouta-Djallon) to the 16° 42' W (Banjul, confluence). The Gambia River originates at the altitude of about 1,150 m in Fouta Djallon, near Labé (Guinea) and the total length of the main course is 1,180 km. A river flow is consisted of two diversion bays: a continental reach and a marine reach (Dione, 1996; Sow, 2007) . In the continental reach there are a numerous tributaries on the left side (Duagueri, Niokolo-Koba, Niéri-Ko, Sandougou, etc.) and on the right side (Thiokoye, Diarha, Koulountou, etc.) (Fig. 1 ).
Data and methods

Data
The data, used in this study, include precipitation data from six selected stations in the Senegalese part of the Gambia River basin (Kedougou, Tambacounda, Simenti, Goudiry, Koungueul and Nioro) for the period of 40 years (from 1971 to 2010), obtained from of the Water Resources Management and Planning Department. This choice is explained by the absence of stations and/or data available in the part of the river basin, which is used in this study. Thus, only these six selected stations have long series of non-gap data. This period is considered as rather long for a valid average statistical study (Kahya & Kalayci, 2004) , especially as Burn & Elnur (2002) specify that a length of minimum 25 recorded years, ensures the statistical validity of results, when it is connected to trends and climate changes. 
Methods
Statistical tools commonly used to detect significant trends in climate and hydrological data series are generally non-parametric tests such as: the Mann-Whitney U-test, the Wilcoxon-V test, the Mann-Kendall test, or the correlation test, type of Spearman and parametric tests such as Student's test (Ifeka & Akinbobola, 2015) .
Precipitation Concentration Index (ICP):
The PCI index (Oliver, 1980; Murugan et al., 2008) is proposed as an indicator of rainfall concentration and the erosive power of rainfall (Iskander et al., 2014) . It is expressed mathematically as follows:
( 1) where Pi represents the monthly precipitation in the year i and Pt the total of the annual precipitation.
This index represents a hydrological overage or deficit for the considered month or year. According to Oliver (1980) , a value of PCI<10 reflects relatively uniform rainfall over the year, a value between 11 and 15 a moderate concentration, a value between 16 and 20, a mean concentration and a value of PCI>20 high concentration.
The Mann-Kendall test: It detects the presence of a linear trend (increasing or decreasing) within a time series. This trend test was first studied by Mann (1945) and then taken up by Kendall (1975) and its robustness is validated by several comparison tests carried out by Yue and Wang (2004) . The Mann-Kendall statistic is defined as follows:
( 2) where xi and xj are the sequential values of the data and n is the size of the sample.
The Mann-Whitney U test:
This test is used to evaluate if there is a significant difference between the average in a series before and after break.
where nx is the number of observations in the first group, ny the number of observations in the second group, Rx the sum of the ranks assigned to the first group and Ry the sum of the ranks assigned to the second group. In other words, the two equations (U) can be understood as the number of observation times in a previous sample or observation in the next sample.
The Wilcoxon rank test:
It is expressed mathematically as follows:
where
with n represents the sample size, T -the sum of ranks for a smaller sample size (n_1), n_1 -the smallest sample size, n_2 -the largest sample size, n_1 ≥ 10 and n_2 n ≥ 10.
Student's z-average test:
The z-statistic uses the sample mean, m-estimator. It follows the normal reduced centered law and is established as follows:
where x is the observed mean, m is the reference mean, σ is the reference standard deviation, and n is the sample size.
The slope (S) of the trend: The slope (S) of the trend present on the series was determined using the estimator of Sen and the set of slopes
with R_A the rank of group A, R_B the rank of group B, N_A the number of samples in group A and N_B the number of samples in group B. ) where Tan α is the slope of group A, Tan β the slope of group B, Tan φ the slope of group C, α is the angle of group A, β the angle of group B and φ the angle of group C.
The Sen slope estimator test:
The magnitude of the trend is predicted by the Sen estimator. Here, the slope (T_i) of all the even data is calculated as follows (Sen, 1968) :
Where x j and x k are considered data values at the moment j and k (j> k) corresponding. The median of the N values of T i represented as the slope estimator of Sen is given by the following formula:
The slope estimator of Sen is calculated as:
2 ) appears odd, and it is
) if N appears even. At the end, Q i is calculated by a two-sided test with a confidence interval of 100 (1-α) %, then a real slope can be obtained by the nonparametric test. The positive value of Q_i indicates an upward trend and a negative value of Q_i indicates a downward trend in the time series.
Models for total annual precipitation were developed from trend analysis using statistical and logical techniques.
Results and discussion
For the results of this study, the precipitation trends (annual and monthly) are discussed.
Trends in annual precipitation
The analysis of the annual precipitation sequences is mainly based on the Tambacounda, Kédougou and Simenti stations. The other stations used in this study (Koungheul, Goudiry and Nioro) illustrate the analysis of observed trends (Tab. 1 and Fig. 2 The analysis of the annual rainfall trend in the Gambia River Basin, based on the mean values, revealed a high variability and often an opposite evolution between the different stations of the study. The results show a heterogeneous distribution of mean rainfall across the basin, related to latitude and longitude. The comparison of the annual rainfall data's for the period 1971-1990 and those for the period 1991-2010 shows an increase in rainfall at the Tambacounda (708 mm to 730 mm), Kédougou (1,128 mm to 1,225 mm), Simenti (840 mm to 915 mm), Koungheul (674 mm to 725 mm) and Nioro (684 mm to 712 mm) stations. Only the Goudiry station has a slight decrease between the two periods, with an average changing from 599 mm to 587 mm. These average values seem to show an increasing trend of precipitation (Ali et al., 2008; Niang 2008; Ozer et al., 2009; Ouoba, 2013) . However, the stations are distinguished by several differences: the 1990s period is drier than the following years (decade 2000) at the Tambacounda and Koungheul, which is not the case at the Kedougou, Simenti, Goudiry and Nioro stations where a decreasing of precipitation has been observed. This decrease in rainfall is in contradiction with the rainfall recovery from the 2000s noted by some authors in the Sudano-Sahelian zone Lebel, 2009, Panthou et al., 2014) .
Fig. 2. Box-Whisker plot of total annual precipitation from 1971 to 2010 (Source: ANACIM)
These noted trends in annual rainfall patterns in the Gambia River basin can be attributed to climate changes in the area, as temperature rises and rainfall decreases during the 1970s, 1980s, and 1990's. However, the variation between decades is very small, as evidenced by the statistically insignificant trends in Mann-Whitney statistics calculated between decades. Between 1971 Between -1990 Between and 1991 Between -2010 , the Mann-Whitney Uvalue, from 60 to 40 in Tambacounda, 64 to 59 in Kedougou and 63 to 51 in Simenti, show slight increasing trends in total annual precipitation over the studied period (the sums of the ranks of the totals between decades are approximately identical), the values of the p-value being greater than the level of significance 0.05. The observation remains the same for the z statistic of Student's test but also the R of Spearman which is interpreted in terms of explained variance and calculated from the ranks. Correlation values, both positive and negative, show non-linear rainfall relationships between decades.
The analysis of the Kendall Tau and the Sen Slope also reveals an opposite evolution between the periods 1971-1990 and 1991-2010 of the analyzed stations. The Sen estimator revealed decreasing trends, which were not significant at all, at the Kedougou station (-9.812 mm/year for the period 1971-1990 and -0.309 mm/year for the period 1991-2010) and Simenti station (-8.466 mm/year for the period 1971-1990 and -3.349 mm/year for the period 1991-2010). On the other hand, the 1971-1990 decade is considerably drier than the period 1991-2010 on these two stations. At the Tambacounda station, if the decline is noted for the period 1971-1990 (-3 .658 mm/year), an increase is noted for the period 1991-2010 (13.21 mm/year). The same is true for the Goudiry (-4.631 mm/year for the period 1971-1990 and 1.293 mm/year for the period 1991-2010) and Koungheul (-0.321 mm/year for the period 1971-1990 and 16 .24 mm/year for the period 1991-2010) stations. In the case of the Nioro station, on the other hand, the increase is noted over the two periods (3.801 mm/year for the period 1971-1990 and 8.841 mm/year for the period 1991-2010), with a larger increase over the last period. However, this trend of increasing rainfall over the last decade is not statistically significant at the 95% confidence level (only the Koungheul station has a statistically significant increasing trend). Overall, the period 1971-1990 is characterized by its deficit nature compared to 1991-2010, which knows overages and seems to announce the return of precipitation. The values of the Kendall Tau, negative for the period 1971-1990 and positive for the period 1991-2010, reflect this increase in rainfall over the current period, despite the low magnitude. Nevertheless, such trends could be attributed to climate change.
Monthly precipitation trends
Tab. 2 shows the statistics of the monthly precipitation trends (average, median, maximum and minimum) at the Tambacounda, Kédougou and Simenti stations. It reveals that the rainy season is between May and November, with the months of June, July, August, September and October as the rainiest months. The month of August has the highest magnitude of monthly precipitation trends with 211 mm in Tambacounda, 316 mm in Kedougou and 275 mm in Simenti, followed by September and July. These months corresponds with the maximum of the flow in the basin. The analysis of the obtained results shows the surpluses of the monthly rains. The average monthly rains, observed during the 1970s and 1980s at the analyzed stations, are lower than those for the period 2001-2010 (Fig. 2) . This increase may explain the strong variability in storminess (Ifeka & Akinbobola, 2015) . For almost all months, precipitation increased between the two periods, with a particularly obvious increase over the humid season. The basin is characterized by a monthly decrease in rainfall during the 1970s and 1980s droughts and an increasing trend over the 2000s. The monthly precipitation trends survey clearly showed the slight increase in monthly precipitations during the current period. The entire basin has been affected by a temporal rainfall irregularity over the entire month during these last decades. The assumption is that these significant trends of precipitation during the last four decades could be attributed to the climate change. (June, July, August, September and October) from 1971 to 2010 (Source: ANACIM) For the characterization of the monthly precipitation distribution in the basin, the frequencies of the calculated precipitation concentration index are given in Tab. 3. These values of the PCI show the predominance of the highly irregular distribution of precipitation in the basin. This distribution is generally homogeneous for the six analyzed stations. It is also more pronounced at the Koungheul and Nioro stations (frequencies reaching 100%) and between 90 and 97% at the other stations. An irregular distribution is also noted with low frequencies (3 to 10%).
Fig. 3. Evolution of total (a) and monthly (b) precipitation sequences
The mean values of the ICP show the highly irregular and variable rainfall distribution at the different analyzed stations, the mean values being greater than 20 (Tab. 3). On average, the highly irregular rainfall distribution is more pronounced in Nioro (29.21) and Goudiry (28.13), than in Tambacounda (24.71) and Kédougou stations (22.34). Tab. 3. Frequency and averages of PKI values at different stations (19710-2010) The impact of the variability over the period 1971-2010 is translated by a modification of the pluviometric regime in the analyzed stations. If the decades 1970 and 1980s present all negative anomalies of the pluviometry, corresponding to periods of drought in tropical Africa, the period 1995-2010 marked by return rather sensitive to better pluviometric conditions, in agreement with the works of Ali and Lebel (2009) and Ouoba (2013) , register surpluses of the pluviometry in the Gambia River Basin. This upward pluviometry trend augurs of an improvement of the pluviometric regime in this space, by comparison to the drought period. However, the persistence and sustainability of the rise have yet to be proven.
Conclusion
Unlike other sub-Saharan basins, the spatio-temporal variability of rainfall in the Gambia Basin has been poorly studied so far, while its impact on water resources is very important. In order to better characterize this spatio-temporal variability, we used nonparametric statistical tests whose robustness and interest have already been tested in the past. In this basin, we selected six stations whose data are reliable and complete. These data are comprehensively processed to provide a better analysis of the spatio-temporal variability of precipitation. For the six stations considered, the analysis of rainfall data over the period shows that the chronicles are not stationary and that they have undergone a new break during the 1990s. The surplus of the mean annual precipitation of the period after break from the dry period of the 1970s and 1980s is however weak. On a monthly scale, the stations with the most complete chronicles (Tambacounda, Kédougou and Simenti) show that the average precipitation of the rainiest months over the 2000s is almost always higher than the values of the previous decades. Beyond the slight increase in rainfall on a monthly scale, a very large irregularity was noted.
These results corroborate those of many authors (Dione, 1996 , Sighomnou, 2004 , Goula et al., 2005 , Sow, 2007 , Faye, 2013 , Faye et al., 2015b who claim that the long droughts observed in the 1970s , 80 and part of 90, which confirm the return of rain during the last years of the series analyzed (between 2000 and 2010) marked by the predominance of wetter conditions Ali et al., 2008; Niang, 2008; Ali and Lebel, 2009; Ozer et al., 2009; Ouoba, 2013) . In parallel with this trend, there is also a clear upsurge of heavy rainfall in almost all stations, as evidenced by an unprecedented increase in flooding in the basin. In addition to temporal variations, spatial variations of precipitation are added. After the precipitation trend has been observed in the basin, as noted in some regions of the Sahel (Lebel & Ali, 2009) , it would be interesting to integrate in future research its impact on the flow in the basin.
The information provided by this study can be useful for decision makers in the context of flood and drought monitoring. Therefore, agricultural planning and government policies in this basin should be based on trends in recent rainfall increases. This study should be extended to other areas exposed to drought and floods and to the whole country. Similarly, the impact of climate variability on crop yields in this basin should also be investigated. 
